A simple, sensitive and precise high-performance thin-layer chromatography method with densitometric detection was used for simultaneous determination of evernic (EV) and (+)-usnic acids (USN) in Usnea aciculifera (UA), U. ghattensis (UG), U. longissima (UL) and U. stigmatoides (US). This method was also validated according to the ICH guidelines. Separation and quantification was performed with the mobile phase toluene-1, 4-dioxane-formic acid (18:4.5:0.2, v/v/v) on silica gel 60F 254 plates. The linearity for EV and USN was found in the 200-600 ng/band range. The limit of detection for EV and USN was 51.56 and 32.59 ng/band, while the limit of quantification was 156.23 and 98.76 ng/band, respectively. Intra-and interday precisions (n = 6) for EV and USN were 0.70-1.89 and 0.50-0.76 (%RSD), and 1.56-1.60 and 1.54-1.99 (%RSD), respectively. The mean percent recoveries were 99.66 and 99.87%, respectively, for EV and USN. However, USN was estimated in all four Usnea species but EV only in two species with varied quantity. Comparative antioxidant activity revealed that US is a better free radical scavenger in comparison with other three Usnea species. Furthermore, these results indicated that USN and EV are not solely responsible for antioxidant potential, but it may be due to synergistic effect.
Introduction
The genus Usnea Dill. ex Adans. belonging to the family Parmeliaceae (Ascomycota) is a cosmopolitan fruticose lichen (complex symbiotic associations between a mycobiont and photobiont) commonly found hanging from trees. Approximately 300 species of Usnea are reported from all over the world (1) , out of which 60 species are found in India (2) . Several species of this lichen genus have been used in traditional medicines in China, Egypt, Greece, India, Middle East and Europe since ancient times (3), and they were among the most commonly Vain. (UA), Usnea ghattensis G. Awasthi (UG), Usnea longissima Ach. (UL) and Usnea stigmatoides G. Awasthi (US), were studied. The chemical constituents such as atranorin (±), barbatic, constictic acids, diffractaic, evernic acid, fumarprotocetraric, galbinic, glutinol, lecanoric acid (7), menegazziaic, norstictic, 4-0-demethylbarbatic acids, squamatic acids, stictic acids and usnic acid and many others (1, 8) were reported in the aforesaid four Usnea species.
Phenolics are a class of secondary metabolites produced by plants and derived from shikimate/phenylpropanoid and/or the polyketide pathways (9, 10) . Polyketides reported from lichens are depsides, depsidones, dibenzofurans and depsones (11) . Evernic acid (depside) and usnic acid (dibenzofuran) are two important polyketides present only in lichens (12) (13) (14) . Some HPLC methods for detection of aforesaid compounds in lichens have been reported (2, 8, 15, 16) . However, the simultaneous estimation of both the lichen polyketides using highperformance thin-layer chromatography (HPTLC) in the aforesaid Usnea species is worthwhile. Nowadays, the fingerprint analysis by HPTLC has become the most effective and powerful tool for linking the chemical constituent's profile of the plants to the botanical identity and estimation of chemical and biochemical markers (17) (18) (19) (20) (21) . To the best of our knowledge, there is no published HPTLC method for simultaneous estimation of evernic acid (EV) and (+)-usnic acid (USN) in UA, UG, UL and US. In light of the above facts, an easy, simple, accurate, precise, reproducible method using HPTLC was developed which gave a marked difference in the resolution of both EV and USN in the selected solvent system. The final method has been validated according to the International Conference on Harmonization (ICH) guidelines.
Furthermore, antioxidants are vital substances that possess the ability to protect the body from the damage caused by free radicalinduced oxidative stress (22) . The secondary metabolites derived from plants, especially the phenolic compounds, are the biggest group of exogenic antioxidants (23) . Nowadays, these have become a vital part of pharmaceutical and well-being industries. Overproduction of free radical by cellular oxidation reaction decreases antioxidant defense system and can damage cellular lipids, proteins or DNA inhibiting their normal function (24) (25) (26) . Metabolic imbalances due to free radicals have been implicated in many diseases and in the process of aging (27) . USN and EV are reported for efficient antioxidant properties (28, 29) . Only UL is being listed as a medicine (5), but other three species can be explored for their therapeutic uses. Therefore, in addition to the qualitative and quantitative evaluation of both the polyketides, comparative antioxidant potential was evaluated using DPPH, β-carotene linoleic and reducing power assays for the validation of the therapeutic claims of four Usnea species.
Experimental

Plant materials, chemicals and reagents
Four Usnea species were collected and their identity was confirmed by Dr D.K. Upreti, Lichenology Lab, CSIR-NBRI, Lucknow, India. The samples were deposited in the Herbarium of the Institute wide voucher specimen number LWG-69730, LWG-15570, LWG-012179 and LWG-009303 for U. aciculifera Vain., U. ghattensis G. Awasthi, U. longissima Ach. and U. stigmatoides G. Awasthi, respectively. The materials were dried at 40 ± 2°C in a hot-air oven, and then stored at 25 ± 2°C in an air-tight container.
EV and USN are standard substances with purity grade ≥98% (Figure 1) , and 2,2′-diphenyl-1-picrylhydrazyl, β-carotene, linoleic acid, Tween 40, phosphate buffer, potassium ferricyanide, trichloroacetic acid and iron (III) chloride were obtained from MP Biomedicals and HiMedia, Mumbai, India. Analytical grade reagents, hexane, chloroform, acetone, ethyl acetate, formic acid, acetic acid, 1,4-dioxane and methanol (Merck Chemicals, India), were used.
Preparation of sample and standard solutions
Usnea species were separately ground to a coarse powder and placed in appropriately sized stoppered conical flasks. Ten milliliters of acetone were added to 500 mg of powder of each of the plant sample shaken on a shaker for 2 h, kept at rest overnight and filtered thereafter. The procedure was repeated thrice with acetone (10 mL) at room temperature (25 ± 2°C). The acetone extracts were filtered through Whatmann No. 1 filter paper and combined. The combined extracts were concentrated under reduced pressure at a temperature of 45 ± 2°C till dryness. A similar method was followed for methanolic extract. Accurately 1 mg of the extract was dissolved in 1 mL acetone, and filtered through a 0.45 µm filter membrane, and the filtrate was used as the sample solution. Reference solution for the analysis of EV and USN was 1 mg each of EV and USN, as chemical reference substances were dissolved in 10 mL acetone.
Chromatography
Method of preparing chromatographic fingerprint HPTLC was performed on 20 × 10 cm Higlachrosep plates coated with 0.2 mm layers of nano silica containing UV 254 fluorescent indicator (S.D. Fine Chemicals, India). Ten microliters of sample solutions were applied as band of 6 mm wide, 10 mm apart, 10 mm from the bottom edge, starting 14.8 mm from the edge of the HPTLC plate with Hamilton syringes (100 µL) using Linomat 5 applicator (CAMAG). Aliquots of standard markers of EV (0.4-0.8 µg) and USN (0.8-1.6 µg) were also applied on silica plates. The plates were developed with a distance of 8.0 cm with 20 mL of toluene:1,4-dioxane:formic acid (18:4.5:0.2, v/v/v) as a mobile phase, in a CAMAG twin-trough chamber previously saturated with mobile phase vapor for 30 min at 24 ± 2°C. After removal from the chamber, plates were completely dried in air at room temperature (24 ± 2°C). Densitometric scanning was performed on CAMAG TLC scanner III with the WinCats 3.2.1 software. The plates with the markers were scanned and quantified at 300 nm. The source of light was deuterium beam. The photographs were taken by CAMAG Reprostar 3 video documentation unit by illumination at UV 254 nm. The plates were derivatized after dipping them in a chromatogram immersion device III (CAMAG) containing anisaldehyde-sulfuric acid reagent, dried and heated at 110 ± 2°C for 5 min and photographed under visible light and under UV 366 nm. The spectra were also recorded for both the compounds.
Method validation of HPTLC densitometry
Method validation parameters such as linearity, range, precision, accuracy, limit of detection (LOD), limit of quantification (LOQ), specificity and robustness were checked as per ICH guidelines, 2005 (30). The methods specified in the text of the guidelines were followed unless indicated otherwise.
Calibration curve of EV and USN
The calibration curve was prepared over a concentration range of 200-600 ng/band for EV and USN. Five dilutions of EV and USN (20, 30, 40 , 50 and 60 μg/mL) were prepared from the stock solution and further aliquots of these solutions were applied to the HPTLC plate. This procedure was repeated six times. The plates were developed and scanned, and the data of peak areas of the developed bands versus concentrations were treated by linear least square regression to obtain the calibration curve.
Precision and recovery as accuracy
Precision of the analytical procedure was determined by repeatability and intermediate precision. Repeatability of the sample application and measurement of peak area were carried out using six replicates of the same bands (400 ng/band of EV and USN) and were expressed in terms of percent relative standard deviation (%RSD). The intraday and interday variations for the determination of EV and USN were carried out at three different concentration levels of 400, 600, 800 and 800, 1200, 1600 ng/band. Recovery of accuracy was performed by the method of standard addition. The pre-analyzed samples were spiked with extra 50, 100 and 150% of the standard EV and USN and the mixtures were re-analyzed by the proposed method. The experiment was conducted three times. This was done to check for the recovery of both the markers at different levels in the extracts. The percent recoveries and the average percent recoveries were calculated.
Limit of detection and limit of quantification
To estimate the LOD and LOQ, blank acetone was spotted six times following the method explained above and the signal-to-noise ratio was determined. LOD was considered as 3.3σ/S and LOQ as 10σ/S where σ corresponds to the average standard deviation (SD) of the y-intercepts of regression lines and S corresponds to the average slope of the regression lines.
Specificity
The specificity of the method was ascertained by analyzing the standard drug and extract on the same plate. The bands for EV and USN in the samples were confirmed by comparing the R f values and spectra of the band with those of the standard. The peak purity of EV and USN was assessed by spiking and comparing the spectra at three different levels, viz. peak start (S), peak apex (M) and peak end (E) positions of the band.
Robustness of the method By introducing small changes in the mobile phase composition, mobile phase volume, duration of mobile phase saturation and activation of HPTLC plates, the effects on the results were examined. The plates were activated at 100 ± 5°C for 5, 10 and 15 min before chromatography. Mobile phases having different ratio of solvents, i.e., toluene:1,4-dioxane:formic acid 18:5:0.2, 17:4:0.4, 16:3: 0.6 and 20:2: 0.2 v/v, were tested. The volume of the mobile phase and duration of the saturation investigated were 20 ± 2 mL (18, 20 and 22 mL) and 10 ± 5 min (10, 15 and 20 min), respectively.
Antioxidant activities
Antioxidant potentials of the plants were studied using three in vitro methods 2, 2'-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay (31), β-carotene linoleate model system (32) and reducing power assay (33) for comparative analysis of four Usnea species.
Statistical analysis
Experimental values are the mean ± SD. Statistical comparisons using one-way analysis of variance (ANOVA) with P < 0.05 were regarded as a significance.
Results
HPTLC densitometric analysis
Method development and validation
The HPTLC chromatogram of standard two lichen polyketide is shown in Figure 2 . The mobile phase toluene:1,4-dioxane:formic acid (18:4.5:0.2, v/v/v) can be selected for good separation of all components in these four Usnea species (Table I) . The bands were more pronounced when the chamber was saturated with the mobile phase for 30 min at room temperature 24 ± 2°C. According to the data, the maximum absorbance (λ max ) of EV and USN was selected the absorbance at 300 nm by the UV detector as the standard absorption wavelength for simultaneous analysis of both the markers. Therefore, densitometric analysis was performed at 300 nm with compact sharp bands of polyketide at R f value of 0.46 and 0.87 for EV and USN, respectively. Comparative HPTLC profile of all the four species of Usnea was studied and components appear in the chromatogram at significantly different R f values (Figure 2 , Table II ). However, estimated amounts of EV and USN are given in Table III. The method validation was performed on the parameters such as linearity, limit of sensitivities, specificity, precision, accuracy, recovery and robustness as per ICH guidelines. Statistical significance was considered at 95% probability level (P > 0.05). The linearity of compounds EV and USN was validated by the linear regression equation and correlation coefficient. The developed HPTLC method for estimation of EV and USN showed a good correlation coefficient (r = 0.9980 and 0.9992) in a concentration range of 200-600 ng/band with respect to the peak area. The equation of the linear graph for EV was Y = 2,273.15 + 11.046 × X and for USN was Y = 1,276 + 11.55 × X. No significant difference was observed in the slopes of standard curves (ANOVA, P < 0.05). Detection limit and quantification limit with a signal-to-noise ratio of 3:1 and 10:1 were found to be 51.56 and 32.59 ng for EV and 156.23 and 98.76 ng for USN, respectively, which indicates the adequate sensitivity of the method (Table IV) . The measurement of the peak area of EV and USN at three different concentration levels showed low values of SD and % RSD for interand intraday variation, which suggested an excellent precision of the method (Table V) . The proposed methods when used for extraction and subsequent estimation of EV and USN from the Usnea species afforded average recovery % as accuracy of 99.66 and 99.87%, as given in Table VI . The low values of SD and % RSD obtained after introducing small deliberate changes in the developed HPTLC method indicated the robustness of the method (Table VII) . The peak purity of EV and USN was assessed by spiking and comparing the spectra at peak start, peak apex and peak end positions of the band (Figure 3) .
In vitro antioxidant activities
The DPPH radical scavenging activity of four Usnea species was determined using ascorbic acid at different concentrations. All four Usnea species, extracts showed a promising DPPH scavenging effect in a concentration-dependent manner. The IC 50 values were also calculated to further evaluate the antioxidant activity, as given in Table VIII . The lower the IC 50 value the greater the free radical scavenging activity. The highest DPPH radical scavenging effect was obtained in US with the lowest IC 50 of 0.105 ± 0.98 mg/mL, followed by UA at 0.203 ± 0.93, UL at 0.347 ± 1.07 and UG at 0.546 ± 1.13 mg/mL.
However, in the β-carotene linoleate model system, antioxidant activity was measured based on reduction in the orange color which indicates the amount of β-carotene present in the testing solution. The antioxidant activities of the extracts varied significantly (P < 0.05) with different concentrations of extracts. The IC 50 value of methanol extract of UA, UG, UL and US was 1.271 ± 0.68, 3.196 ± 1.01, 2.102 ± 1.16 and 0.701 ± 0.95 mg/mL, respectively (Table VIII) .
Similarly, in reducing power assay, high absorbance of extract samples indicates a potent reducing power with increased concentration of extracts (0.055-0.222 mg/mL). The corresponding correlation coefficients were 0.964, 0.998, 0.999, 0.987 and 0.991 for UA, UG, UL, US and ascorbic acid, respectively. Measured values of absorbance significantly varied from 0.123 to 2.297 (Figure 4) . Among the tested lichen extracts, US gave the highest reducing power activity.
Discussion
The HPTLC method is used to characterize and quantify the biologically active compounds present in the plants. Nowadays, HPTLC is a widely used technique for medicinal plants because of its high sample throughput at low operating cost and analytical assurance by means of multilevel calibration which yielded precised results in the measurement of various analyses. The HPTLC procedure was optimized to resolve EV and USN from other components and qualitative variation in four Usnea species. The method is proved to be reproducible with the help of statistical analysis and is also selective for the analysis of EV and USN. Different compositions of hexane, toluene, ethyl acetate, methanol, formic acid, acetic acid, diethyl ether and 1,4-dioxane were tested as the mobile phase for HPTLC analysis to obtain high resolution and reproducible peaks. The mobile phase toluene:1,4-dioxane:formic acid (18:4.5:0.2, v/v/v), slightly modified (34, 35) , gave high resolution and reproducible peaks. This mobile phase was also found to be the best for simultaneous determination of EV and USN and better separation of aforesaid lichen polyketides from other chemical constituents of four Usnea species. The selected mobile phase gave well-defined peaks at R f 0.46 and 0.87 for EV and USN, respectively. The common as well as differentiating bands were useful in the identification and authentication of plants. Two common bands, i.e., at R f 0.76 and 0.87, were observed after derivatization ( pink under UV 366 nm and purple under visible light), while the latter was also seen under UV 254 nm in all the four species of Usnea. Similarly, two identifying bands at R f 0.40 and 0.50 were observed only in UL. US could clearly be differentiated from other species by the presence of characteristic band at R f 0.20 under UV 254 nm (black), visible light (greenish yellow) and UV 366 nm after derivatization (black). However, additional bands at R f 0.17, 0.28 and 0.32 were present only in UA under UV 254 nm (black), visible light (greenish yellow) and UV 366 nm after derivatization (black). Furthermore, UA and US resembled in having common bands at R f 0.10 and 0.39. Likewise, UA and UL also showed similar bands at R f 0.46.
These components appear in the chromatogram at significantly different R f values.
The HPTLC method was also found suitable for estimation of EV and USN marker compounds in four Usnea species. The EV at 0.118 and 0.574% (w/w) was estimated only in UA and UL, respectively. It is interesting to note that EV has been reported for antiviral, antibacterial, anti-mycobacterial, anticancer, antifungal activity (36) (37) (38) (39) and UL is also reported for aforesaid activities (40) (41) (42) (43) may be due to the presence of this depside. However, the literature on therapeutic activities of UA is lacking and this Usnea species may also be explored for the aforesaid therapeutic activities. Furthermore, USN was found in all four species and its content varied from species to species, i.e. 0.515, 1.130, 2.751 and 0.365% (w/w) in UA, UG, UL and US, respectively. USN was also reported for anticancer, anti-inflammatory, antioxidant, antiproliferative and antimicrobial therapeutic activities (3, 41) . In the present investigation, USN was estimated in all aforesaid species, but therapeutically only UL was reported for such activities.
However, UG has been reported for some of them, but no report on UA and US was found in the literature. Therefore, these species may also be explored for aforesaid therapeutic activities. EV and USN are the members of phenolic group of compound (9, 10) and plant phenolics are effective as singlet oxygen scavengers, reducing agents and hydrogen atom donators. The presence of numbers of hydroxyl group and donating hydrogen as depicted in the structures of EV and USN suggested that these compounds have antioxidant property. Only UL and UG were reported to have antioxidant potential and other therapeutic activities (40) (41) (42) (43) . Therefore, the aforesaid four Usnea species were screened and compared for primary antioxidant potential. The evaluation of the primary in vitro antioxidant potential, DPPH, reducing power and β-carotene assays have widely been used (44) (45) (46) (47) . In all antioxidant in vitro analysis, results indicated that US showed a relatively strong antioxidant activity followed by UA in comparison with UL and UG. It is notable that USN is reported for antioxidant activity (28) , but the Usnea species with lesser USN showed more antioxidant activity. EV reported as antioxidant (29) but observed only in two Usnea species, i.e., UA and UL, which showed moderate antioxidant potential. It is interesting to note that US having lesser quantity of USN and devoid of EV showed comparatively more antioxidant activity. Furthermore, UL showed more components when compared with UG. Our finding validated the previous studies which indicated that depsidones have better antioxidant activity because of their ability to donate hydrogen to free radicals (42, 48) than depsides or dibenzofuran (49) . Hence, USN and EV are not solely responsible for antioxidant potential of aforesaid Usnea species, but it may be due to the synergistic effect of the components present in various Usnea species. The present study provides data for supporting the use of genus Usnea extracts as natural antioxidant agents.
Conclusion
A new simple, accurate, precise, specific, repeatable and robust HPTLC method was reported for simultaneous determination of EV and USN in four Usnea species viz. UA, UG, UL and US. The validated method also provides information on the linearity and detection limits of both the lichen polyketides. From the ongoing results, it is clear that HPTLC fingerprint profile and quantitative estimation of EV and USN vary from species to species and have great significance for the identification and quality assurance of Usnea species. Secondly, UA is reported as a new source of EV.
The antioxidant assays viz. DPPH, reducing power and β-carotene indicated that US have maximum antioxidant potential when compared with UA, UL and UG. We can conclude that the US with lesser quantity of USN and devoid of EV showed maximum antioxidant activity. However, UA, UL and UG either having more concentration of USN or both the polyketides, i.e., EV and USN, showed moderate activity. Although USN and EV were reported as antioxidants, these polyketides ( phenolic compounds) may not be solely responsible for the antioxidant potential of aforesaid Usnea species; it may be due to the synergistic effect of the compounds present in various Usnea species. Besides, US is an unexplored species when compared with other Usnea species and may be used as a new antioxidant agent. Hence, these findings may be utilized by researchers and pharmaceutical industries for the development of new drugs as anticancer, anti-inflammatory and antioxidant from this lesser explored group of plant kingdom. 
